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Role of Meso-scale Electric Fields in I-T Energy Budget

Q]H — O-p[E + unXB]Z

Traditionally, Weimer Model : AMIE Model:
conductivity and electric Northern Hemisphere

fields are estimated
through empirical
models.

e Current models can not
resolve the meso-scale
structures but significant o o ooue: i
work is ongoing’. Courtesy of CCMC Ridley et al., 1998

*[Codrescu et al. 2008; Deng et al. 2009; Matsuo & Richmond 2008; Zhu et al. 2018].
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*[Codrescu et al. 2008; Deng et al. 2009; Matsuo & Richmond 2008; Zhu et al. 2018].
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Role of Meso-scale Electric Fields in I-T Energy Budget

Q]H — O-p[E + unXB]Z

* Traditionally, Weimer Model : AMIE Model:
conductivity and electric Northern Hemisphere E East

100
fields are estimated

Meso-scale electric fields (<15 mlnutes‘} 150 500 km) introduce
as much energy as the Iarge scale structures.

resolve the mes.o slclale S S
structures but significant _1500AM"f0 .

work is ongoing’.

Cosgrove etal., 2009  hr

*[Codrescu et al. 2008; Deng et al. 2009; Matsuo & Richmond 2008; Zhu et al. 2018].
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Running a global I-T model with HIME

PFISR Beams Configuration for Isinglass v3.0 M Od eI | I n q .

* PFISR aiding the ISINGLASS experiment
with 15 beams operating [Clayton et al.,
2019a, 2019b, JGR]]

* The electric field estimates:
ISR, PKR DI Eagle SDI — Temporal resolution [66 seconds]

154.0W 152.0W 150.0W 148.0W 146.0W 144.0W 142.0W 140.0W — S patial reSOl ution [O .050 i n |atitu d e and O .30
GLON [deg]

in longitude, ~10 km]
— Down-sampled to 0.75°x0.75°: 35x80 km
Validation:
* PFISR plasma measurements along

Beams
« Three SDI (Scanning Doppler Imagers)
e e - - - - - - measurements for neutral wind
Ozturk et al., in review, JGR ~ MLON [deg] 6



Running a global I-T model with HIME

/'jl;lME " HIME is an add-on framework
,// /) — and does not require major
\/r

\‘ZU ; source code modification.

Global lonosphere -Thermosphere Model (GITM)

« 3D, altitude based non-uniform grid, assumes non-hydrostatic solution
* High-latitude input: Electric potential and particle precipitation
* Output: Plasma and neutral density, temperature, ion and electron velocity,

neutral winds
Ridley, Deng and Toth, JASTP, 2006
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Meso-scale electric fields in GITM

Estimated vs Simulated Electric Fields
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Meso-scale electric fields in GITM

Estimated vs Simulated Electric Fields
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Meso-scale electric fields in GITM

Estimated vs Simulated Electric Fields
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Meso-scale electric fields in GITM

Estimated vs Simulated Electric Fields
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Modeled ion and electron temperature response
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lm | | (28008 e
2500 |

2000,
1500 fi & Ao
1000 [ 7 \/

2000 -
1500 1\ .
1000 'MA 7

500 Vv (Vo im0

06:30 07:00 07:30 08:00 06:30 07:00 07:30

Time [HH:MM] Time [HH:MM]
* Profiles extracted from 245 km.

Modeled ion temperature captures Modeled electron temperature captures
variability better when meso-scale electric the amplitude but does not reproduce the
fields are used. short-lived peaks.
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Modeled ion and electron temperature response

3500 lon Temperature [K] - 2000 Electron Temperature [K]G.TM[W]
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Modeled electron density response

Electron density [x101" m3]
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Modeled electron density response

Electron density [x10™ m™]
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Increase in simulated electron density likely
due decreased westward transport mechanism.
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Energy transfer rate with meso-scale electric fields

GITM[W]
—— GITM-MD[T]
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The deposited energy increases locally in HIME-driven simulation compared to Lotko and Zhang, 2019
Weimer-driven simulation above 110 km.
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Effects of Meso-scale electric fields in the I-T system

The HIME driven simulations showed that meso-scale electric fields can lead to:

* Variations in the electron density due to transport.
* Collisional and frictional heating of the plasma and neutrals.
* Increased volumetric heating along the vertical profiles.

Ongoing and future work on HIME:

* A self-consistent treatment of particle precipitation is necessary to fully understand
the effects of meso-scale structures.

* Further case studies are necessary to assess the performance of HIME.
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